INTRODUCTION
different conditions than they were designed for, and due to algae strain variability, the contained a target species, and therefore to determine the effectiveness of the tested assays and 3 0 9 correspondence to microscopy, NGS was conducted. The relative effectiveness of the qPCR 3 1 0 results in comparison to microscopy and metabarcoding is provided in the Discussion. The most numerous unique taxa occurred through using the 18S-dinoflagellate amplicon 3 1 7 (Table 4) , which returned 167 individual taxa, including 49 to the species level. For comparison, at resolving data to the species level (N=60 species), which is noteworthy given the importance 3 2 1 of species-level identification when identifying harmful algae. Only one taxon, H. akashiwo, was identified by all four amplicons. Many similar taxa (N=20) were detected by 18S-diatom, 18S-3 2 3 dinoflagellate, and LSU amplicons, but only three were identified to the species level. The numbers of reads per taxonomic category, with an emphasis on microalgal groups, 3 2 5 are listed in Table 5 . Total microalgae reads detected by 18S-diatom, 18S-dinoflagellate, and 3 2 6 LSU runs were more than 85% of all reads (not including unknowns) for each amplicon, whereas 12 microalgal groups and the 16S amplicon detected the fewest microalgal groups. Silicoflagellates 3 3 0 (Dictyochophyceae), an important group that includes several harmful and potentially harmful 3 3 1 species, were detected only by 18S-diatom and 18S-dinoflagellate amplicons. All harmful and potentially harmful algal taxa reads (i.e. at the species, genus, and family 3 3 3 level) detected by all amplicons are provided in Table 6 . For a more convenient comparison 3 3 4 between results employing different amplicons, grouping of harmful and potentially harmful 3 3 5 algae species to genus level was done for Alexandrium spp., Chattonella spp., Dinophysis spp., Karlodinium spp., Phalacroma spp., Prymnesium spp., Pseudo-nitzschia spp., and 3 3 7 Pseudochattonella spp. Overall, most of the reads of harmful and potentially harmful algae were detected by 3 3 9 LSU and 18S-dinoflagellate amplicons ( most reads for any of the listed taxa. The total reads and percentages per sample detected by different amplicons are shown in 3 4 8 Figure 2 . Specifically in this plot, when a taxon of harmful or potentially harmful algae had less 3 4 9 than 100 reads, it was grouped within an appropriate, larger algae category, e.g. Karlodinium 3 5 0 spp. with 77 reads were included in the dinoflagellates counts; Prymnesium spp. with 20 reads 3 5 1 and Prymnesiaceae with 11 reads were included in haptophytes ( Figure 2 ). Overall, based on the 3 5 2 results for all four amplicons, culture samples had a higher number of reads, by an order of revealed that the majority of the taxa detected by microscopy also were identified in the NGS identified by NGS but identified with microscopy were in fact present in the Gen Bank database, 3 6 5 and therefore the reason for the lack of these taxa, as well as the identity of these unknown reads 3 6 6 remains unknown. The term 'algae' comprises a diverse, polyphyletic group that encompasses organisms from cyanobacteria. Identification methods applied to each of these groups will be outlined in detail Diatoms are the major group of microalgae with approximately 250 modern genera and 3 7 8 thousands of species (Hasle and Syvertesen, 1996) . There are only a few diatom taxa that are 3 7 9 harmful due to toxin production (i.e. several species from the Pseudo-nitzschia genus) or cell 3 8 0 structures that cause mechanical damage to gills (e.g. C. concavicornis and C. convolutus). In consuming technique not generally implemented in routine monitoring. In our study, both the presence (>10,000 reads, >98% of the total reads in the cultured sample). However, it also did 3 8 7 not discriminate to the species level. The same amplicons detected very low presence (<1%) of processed on the same day (i.e. culture subsampled, DNA extracted and purified), and NGS 3 9 1 results may indicate possible low-level cross contamination from high concentration, pure 3 9 2 cultures that occurred in the lab in the same flow hood. Dinoflagellates are second to diatoms in terms of importance to marine primary production, with 3 9 6 about 2000 described extant species (Taylor et al., 2008) . This group is particularly important for HABs, as about 75-80% of known toxic phytoplankton species belong to this group (Cembella, 3 9 8 2003). Microscopy indicated that there were nine samples containing Alexandrium spp., Many species of Alexandrium produce toxins that cause paralytic shellfish poisoning (PSP). In included in this study. One was a purchased culture of Alexandrium cf. catenella and five were 4 1 1 locally established cultures microscopically identified as Alexandrium sp. and A. tamarense; four 4 1 2 of these cultures were monocultures and one was a mixed culture that also contained green algae for all five of the culture samples (>90% of reads on average) and a low percentage in the mixed 4 1 7 culture (<4%). All six of these samples had highly positive qPCR results using an assay targeting Heterosigma akashiwo is a major fish killer in BC, causing economic losses to the BC salmon but H. akashiwo reads were found in more than 20 of these samples by the 18S-diatom, 16S, and 5 0 8 LSU amplicons, in six using the 18S-dinoflagellate amplicon, and in 11 of these samples by qPCR. For most of the samples there was a general agreement between H. akashiwo read general agreement of higher loads (e.g. Ct<20) with high OTU read counts (>4,000) in the 18S-5 1 9 diatom amplicon, but not in other amplicons. However, some samples with lower qPCR loads 5 2 0 (CT=20-29.5) also had very high OTU read counts, with nine samples containing over 10,000 5 2 1 reads. Therefore the quantitation between the read counts and the qPCR was not always 5 2 2 congruent. It is possible that this could be due to mismatches in specificity for the applied assay, 5 2 3 but further work would be needed to better understand this difference. Globally, many species of Chattonella have been associated with fish kills (Moestrup et al., Chattonella spp. did not return results for this genus by sequencing. Almost all (>99.99%) of the 5 3 0
Raphidophytes reads in these ten samples (i.e. one culture, five mixed cultures, and four field 5 3 1 samples) where Chattonella presence was suspected based on microscopy, were assigned to H. suggesting that the amplicons could identify Chattonella if it was present. Therefore, for this 5 3 7 species the NGS approach appeared to be superior to light microscopy identification.
3 8
A very low number of reads (<30) of Chattonella spp. were also detected in four culture is most likely also an artefact of the subsampling process (see above). Only a small portion of the 5 4 1 purchased C. subsalsa culture was identified to the species level, and the rest of the non- Silicoflagellates are a small group of algae, many of which possess a siliceous skeleton at certain group were observed by microscopy did not have reads annotated as silicoflagellates. The process, or due to incomplete databases. In our study, six field samples contained D. speculum cells, based on microscopy observations, 5 6 3 but there were no reads assigned to the Dictyocha species, genus, or family by any of the NGS 5 6 4 amplicons. One of these samples had a very low number of reads (i.e. 12 reads) detected by the 5 6 5 18S-diatom amplicon, but was assigned only to the order level. These results show that with the 5 6 6 current sequencing database, the NGS approach can miss targets at the species, genus, and even 5 6 7 family levels. Further work is needed to improve the sequencing database with sequences from 5 6 8 voucher specimens to determine which assays are capable of differentiating this genus, or species 5 6 9 within this genus, from other closely related taxa. Both species in the Pseudochattonella genus (i.e. P. farcimen and P. verruculosa) have been Pseudochattonella genus were detected in the culture sample by 18S-diatom and 18S-5 7 8 dinoflagellate amplicons. For the former, ~1% of the total reads were assigned to the species 5 7 9 level for P. farcimen. This culture sample was also the only one that provided qPCR 5 8 0 amplification results (Ct=14) with the P. verruculosa assay. A very low number of reads (<20 5 8 1 reads) of Pseudochattonella were detected in one of the field samples, where its presence was 5 8 2 indicated based on microscopy and by 18S-diatom and 18S-dinoflagellate runs, but not by qPCR. Pseudochattonella linked to a fish-killing event in Canada. been linked to farmed salmon mortality in BC (HAMP, unpublished data). In this work, one 5 9 0 culture and two field samples were available for molecular analysis. All these samples were based identification, if implemented, will greatly improve HABs monitoring, help mitigate issues demonstrates a pressing need to tailor qPCR assays, to improve reference databases, and apply a 7 1 7 multiple marker approach for metabarcoding of diverse taxa. BioSample accessions SAMN11865982-SAMN11866125. percentage of total reads for that sample represented by the match, and the percentage of Edvardsen, B., Eikrem, W., Throndsen, J., Sáez, A.G., Probert, I., Medlin, L.K., 2011. 
